ABSTRACT: Microbial biodiversity can also be reflected in final product composition. The work described in this paper investigates the differences in the amino acid composition of 14 Malvasia musts/wines fermented with local and commercial starter yeasts, comparing all to the spontaneous fermentations of must of the same origin. We tried to ascertain whether the changes were dependent upon different initiations of fermentations. A comparative study of free and total amino acid evolution was prepared. The total concentration of 15 amino acids studied was 1975 mg/l, and the concentration of fraee amino acids was 1061 mg/l. Spontaneous and induced fermentations showed different fermentation rates. Three to nine days were needed to reduce sugar by 50%. Although the proline is regarded as non-assailable amino acid, decreases in concentration were observed. Lysine was the only amino acid where the concentration increased. The minimal uptakes of amino acids occurred during spontaneous fermentations, whereas the maximal uptakes were observed in the fermentations inoculated with local starters.
INTRODUCTION
The fermentation of grape juice into wine is a complex biochemical process involving interactions between yeasts, bacteria, fungi and their viruses. During natural fermentation many different Saccharomyces cerevisiae strains undergo sequential substitutions (F l e e t and H e a r d, 1993). The use of inoculum dramatically changes the microbiology of the wine fermentation process (R a s p o r et al., 2002) . Over the past years, there has been an increasing use of locally selected yeasts for controlled must fermentation in the countries with a winemaking tradition (R a s p o r et al., 2006) . Though commercial yeasts exist to accomplish must fermentation, the use of local yeasts is believed to be much more effective (P e r e z -C o e l l o et al., 1999) . Local yeasts are presumed to be more competitive because of their acclimation to the environmental conditions (Z a g o r c et al., 2001) . Therefore, they would be able to dominate the fermentation successfully and become the most important biological agents responsible for the vinification (P o v h e J e m e c et al., 2001) . Selection of the appropriate local yeasts assures the maintenance of the typical sensory properties of the wines produced in any given region (R e g o d o n et al., 1997; P o v h e J e m e c and R a s p o r, 2005).
The nitrogenous compounds utilized by Saccharomyces cerevisiae include different substances, such as ammonia, urea, amino acids, small peptides, and purine and pyrimidine bases (C o o p e r, 1982) . Major nitrogen species in average grape juice are proline, arginine, alanine, glutamate, glutamine, serine and threonine. Ammonium ion levels may also be high, depending on the variety and time of harvest (H e n s c h k e and J i r a n e k, 1993).
The composition of amino acids is of great importance in wine production, since they have a direct influence upon the aromatic composition of wines. Amino acids in wines have a variety of origins. Those indigenous to grape can be completely metabolized by yeasts during the growth phase, others can be excreted by live yeasts or released by proteolysis during the autolysis of dead yeasts, while some are produced by enzymatic degradation of grape proteins (L e h t o n e n, 1996).
The uptake and metabolism of nitrogen compounds by S. cereviae depend not only on the strain and physiological conditions, but also on the physical and chemical properties of the must and technological procedure (A n c i n et al., 1996) . A key step for the control of any metabolite utilization is the transport of the compound into the cell. Most nitrogen containing compounds are transported via active mechanisms since the cellular concentrations of each of these components would need to be higher than outside the cell. The amino acids active transport in yeast is typically coupled with the movement of ions (C o o p e r, 1982).
In typical grape juice fermentation, nitrogen-containing compounds present in low concentrations are taken up very quickly, within the decrease of the first two Brix units. Degradation of compounds as nitrogen sources occurs after the biosynthetic pools of amino acids are filled. The metabolism of nitrogen containing compound yields in end products is of great importance in determining wine quality. Nitrogen containing compounds in the grape must can be: (i) utilized as that compound directly in biosynthesis, (ii) converted into a related compound and utilized in biosynthesis, or (iii) degraded releasing nitrogen either as a free ammonium ion or as bound nitrogen. Amino acids are deaminated catabolically in order to release their nitrogen components, leaving behind carbon skeletons that will generally represent a waste product from the yeast's viewpoint. Deamination of amino acids can result in the formation of a-keto acids or higher (fusel) alcohols (H e n s c h k e and J i r a n e k, 1993).
The work described in this paper investigates the differences in the amino acid composition of Malvasia musts/wines fermented with local and commercial starter yeasts, comparing all to the spontaneous fermentations of must of the same origin. Many recent studies were focused on the development of free amino acids during fermentations, so we concentrated our study on the total amino acid content. We studied the evolution of amino acids in 14 microvinifications to ascertain whether the changes were dependent upon the different initiations of the fermentations. For better understanding of the results obtained, we prepared a comparative study of free and total amino acid contents in a selected fermentation.
MATERIALS AND METHODS
Cultivar. The vine of Malvasia (Vitis vinifera L. cv. "Malvasia") can be found in several varieties in Mediterranean wine regions. Our study was focused on the "Istrian Malvasia" variety that grows in the coastal regions of Slovenia, Croatia and northern Italy (C o s m o and P o l s i n e l l i, 1964).
Must. The grapes of Malvasia were harvested in the vintage year of 1997, in the coastal region of Slovenia. The grape berries were ripe, undamaged and no Botrytis cinerea was present. The grape berries were crushed into 240 l of must and poured into a 500 l (PVC) container. The must was clarified by sedimentation at 13°C for 18 hours and no sulfur was added. The initial pH value of the must was 3.28 and the concentration of sugars was 227 gl -1 (113 mg/l glucose and 114 mg/l fructose).
Yeast starters. The strains belonged to the species Saccharomyces cerevisiae and they all possessed killer activity. Inoculum. Single colony cultures were cultivated in YM medium (0.3% yeast extract, 0.3% malt extract, 1% glucose) until they reached the late exponential phase. The strains were harvested by centrifugation and prepared in aliquots for final concentration in must 10 6 strains/ml. Commercial starters were prepared as suggested by their producer and added in the same concentration to the must.
Fermentation. Fourteen fermentations were performed in glass bottles containing 9 l of Malvasia must. Four commercial yeast starters (B, C, D and E) and four local yeast strains (F, G, H and I) were applied as starters in eight microvinifications. Six fermentations (A0, A1, A2, A3, A4 and A5) of Malvasia must were allowed to ferment spontaneously. The temperature of the cellar was monitored every morning and ranged from 12 to 13°C. Fermentations were followed for 24 days.
Sampling. The samples of Malvasia must/wine were taken from the center of the bottle four times during the fermentation processes. The results presented in this study refer to the following sampling points: (i) must before the inoculation, (ii) at å25% consumed sugar, (iii) at å75% consumed sugar, and (iv) wine at the end of fermentation, when the sugar content was constant. Sampling points refer to the following sampling times (i) after overnight cold settling, (ii) 2 nd , 3 rd , 5 th or 6 th day, (iii) 7 th , 9 th or 11 th , and (iv) 24 th day of fer- 
Determination of compounds
a) A modified method of C o h e n (1993) was used to detect free amino acids (AaF) and amino acids that compose proteinaceous components (AaP) in wine. The method was based on derivatization with aminoquinolyl-N-hydroxysuccinimidyl carbamate. The compound reacted with amino acids to form stable urea derivatives, which are amenable to analysis by HPLC. Analyses were performed with a Hewlett-Packard 1100 liquid chromatograph using Waters chromatography column Nova Pack C18; length 150 mm, diameter 4 mm, particle size 4 mm (Waters chromatography division, USA). Fluorescence of derivatives was detected by excitation at 250 nm and emission at 395 nm. The samples for total amino acid (AaP) analyses were previously degassed in an ultrasonic bath and filtrated, and the a-amino butyric acid as an internal standard was added. The samples were vaporized and hydrolyzed with 6 M HCl. Aliquots were buffered with borate buffer (pH = 9.3). Each sample was analyzed twice and the mean value was considered for the study. b) Total nitrogen was determined with the Kjeldahl method (OIV, 1993). The samples were mineralized with H 2 SO 4 , CuSO 4 as a catalyst and K 2 SO 4 to raise the boiling point. Distillation of the total nitrogen was performed with Tecator automatic steam equipment (Tecator AB, Sweden). c) Gas-chromatographic analyses were carried out using a Hewlett-Packard 5890 gas chromatograph. Ethanol, methanol, higher alcohols and ethyl acetate were determined by the direct injection of 1 ml of wine to which 2-methyl-2-propanol was added as an internal standard. A HP-INNOWAX column (60 m x 0.25 mm with 0.25 mm film thickness) was used. The following temperature program was used: 35°C/10 min, then 5°C/min to 100°C and finally, 40°C/min to 200°C. Injector and detector temperatures were 200°C and 250°C, respectively. Hydrogen N-48 at 1 ml/min served as a carrier gas. d) Sugar (fructose and glucose) was determined using a Hewlett-Packard 1100 liquid chromatograph with Bio-Rad HPX-87H column, and by detector based on refraction index differences. The mobile phase used was 0.007 M H 2 SO 4 (OIV, 1993).
RESULTS AND DISCUSSION
Yeast population. During the fermentation of Malvasia the yeast population was monitored by checking the killer activity and by karyotyping. For this purpose, 2856 yeast strains were isolated and tested for their killer activity, and 1405 of them were characterized by karyotyping. In all induced fer-mentations (commercial starter yeast B-E and local strains F-G) inoculated strains dominated over the indigenous yeast population of Malvasia must. All isolates that originated from the last sampling points of inoculated fermentations possessed identical karyotype patterns, whereas the strains isolated from the spontaneous fermentations (A0-A5) showed higher chromosomal polymorphism. All isolates from the inoculated fermentations (B-I) showed very strong killer activity, so we concluded that the inoculated killer strains were able to suppress the indigenous yeast population of Malvasia must effectively (Z ag o r c et al., 20001).
Composition of Malvasia must. Surveys of amino acids in grape juices from different vine growing regions have revealed immense variations in both the present amino acid, and the concentrations in which they appear (Henschke and Jiranek, 1993) . Actual amount of N required to complete the fermentation is dependent on individual yeast strains present in the must, initial glucose concentration, and presence or absence of oxygen.
After cold settling, the Malvasia must was analyzed for its total nitrogen content using Kjeldahl method. The concentration determined was 811 mg N/l. HPLC determined 146 mg N/l free amino acids, and 169 mg N/l that originated from the amino acids from proteinaceous compounds of the Malvasia must.
Free and total amino acids. The total concentration of 15 amino acids studied was 1975 mg/l, including the amino acids released from proteinaceous substances (AaP) and free amino acids (AaF). The concentration of free amino acids was 1061 mg/l and they represented 53.7% of the AaF+AaP content (Table 1 ). The content of free amino acids of Malvasia must was poorer in comparison to Malvar must (D i z y and P o l o, 1996), which contained 1625 mg/l of the same 15 free amino acids studied.
Tab. 1 -A comparative study of changes in free (AaF) and total (AaF+AaP) amino acid concentrations (mg/l) during the induced fermentation of Malvasia must/wine, inoculated with local yeast strain I
AaF (mg/l)
AaF + AaP (mg/l) The most abundant amino acids in the must of Malvasia were proline, glutamine, and threonine, when only AaP was considered. In the AaP fraction, these three amino acids represented 52%. In the AaF fraction, the order of amino acids was different: arginine, proline and alanine, and they represented 68% of the amount of free amino acids. Comparing the amounts of amino acids in AaF and AaP fractions of the Malvasia must, it was observed that the amino acids appearing mainly in the proteinaceous form were asparagine, glutamine, glycine, isoleucine and leucine. On the contrary, alanine, arginine, histidine, lysine and tyrosine were present almost exclusively as free amino acids.
Must~25%~75%
During the induced fermentation I, inoculated with the local strain I (ZIM 1667), the changes in AaF and AaF + AaP concentrations were analyzed four times ( Table 1 ). The fermentation I was chosen for the comparative study, because the wine I was evaluated as the best one in the sensory analyses (results not shown). The rapid decrease of AaF took place in the first phase, when 85% of free amino acids were consumed. All free amino acids, with the exception of proline, threonine and alanine, were almost totally accumulated by yeasts during this phase. The AaF uptakes or releases were stabilized between the second and the third phase of fermentation. Untill the end of the fermentation process I, 68% of proline in free form was accumulated in yeasts, whereas threonine and alanine were slowly depleted from the must/wine towards the end of the fermentation. The final concentration of unconsumed free amino acids was 100 mg/l, with proline having the major part.
Peptides and proteins may also provide a source of N depending on the extent of hydrolysis to amino acids, since some non-Saccharomyces species, isolated from the fermenting must, posses significant acid protease activity (L a g a c e and B i s s o n, 1990; S p a y d and A n d e r s e n -B a g g e, 1996). This study showed that in the first phase of Malvasia fermentation, 552 mg/l of amino acids were depleted from the proteinaceous compounds. From the second to the third sampling point, the change in the AaP concentration was not significant, but from the third sampling point till the end of the fermentation it decreased by 80 mg/l. The final concentration of AaP in the wine was 300 mg/l. During the fermentation of wine I, the uptake of amino acids that originated from AaP reached 608 mg/l.
The results presented in Table 2 show the depletion of amino acids during the fermentation course in one group of fermentations (spontaneous and inoculated with local or commercial strains). The calculated S. E. M. (standard errors of the mean) was mostly around ± 10% of the mean value. There are few exceptions marked in Table 2 . We could find no reasonable explanation for these deviations, as they occurred only in some amino acids and without any predictable cause. The uptake of amino acids in the form of AaF + AaP was higher during the fermentations induced with local strains, where it reached 1609 mg/l. In the case of commercial starter yeasts, the uptake of AaF + AaP was 1484 mg/l, and in spontaneous fermentations it was 1425 mg/l.
Tab. 2 -Mean values* of amino acid concentration (mg/l ± S.E.M.) during the spontaneous and induced (commercial and local starter yeasts) fermentations of Malvasia. Dotted squares: exceptions with higher S.E.M.; shading: the mean values that deviate from the other fermentation types (* Number of samples: spontaneous n = 6; local n = 4; commercial n = 4) According to the results (Tables 1 and 2 ), 4 groups of concentration curves resulting from uptakes and releases of amino acids can be distinguished. The first group consists of amino acids that appeared in AaF form and were completely consumed: alanine, arginine, histidine and tyrosine. The second group consists of amino acids which, besides the AaF form, partially accumulated the AaP form: asparagine, glutamine, glycine, isoleucine, leucine, methionine, serine and valine. Proline had a third pattern of depletion from the medium, although it is regarded as non-assailable. Lysine represents the forth one, since its concentration increased during the fermentation processes.
Studying the minimal and maximal changes in the concentration of AaF + AaP in the fermentation processes of induced and spontaneous fermentations of Malvasia (Table 3) , some interesting differences can be detected. Among the 15 studied amino acids, the minimal uptake (light shading) in the most cases occurred during the spontaneous fermentations. One of the explanations for this phenomenon could be a lower number of fermenting cells. The maximal uptake (dark shading) was in most cases seen in fermentations inoculated with local starters. This observation could support the hypothesis that local strains are more adapted to the fermentation process of a local substrate. According to the results, the maximal uptakes of amino acids were usually higher than 80%, only in the case of proline they were lower (67%). The minimal uptakes were at their lowest value, at around 30% in the case of asparagine, glycine, alanine, methionine and tyrosine, and around 60% in the case of leucine, isoleucine, valine and hystidine. The difference between minimal and maximal uptakes of arginine was not significant; the values were about 95%. An increase of amino acid could only be observed in the case of lysine.
Proline and lysine. The total concentration of lysine increased by 0.4 to 11 mg/l during the fermentations. In the Malvasia must, the initial concentration of lysine was 10.4 mg/l, which means that the final concentrations of lysine in the wines were, in some cases, two times higher than the initial. Our result coincides with those found in Garnacha fermentations (G o n i and A nc i n -A z p i l i c u e t a, 1999a, b), where lysine was found in low concentration, and its total concentration increased during fermentations, too. In chemically defined grape juice J i r a n e k et al. (1990) could observe only higher uptakes of lysine.
Although the proline is regarded as non-assailable amino acid, we noticed decreases in the concentration. Half of proline in both AaF and AaP form was already accumulated in the first phase of fermentation. During the induced fermentations, when local and commercial strains inoculated, the total amount of proline was reduced by 62 and 56%, respectively. During the spontaneous fermentations, the total amount of proline was reduced by 49%. According to the literature, the accumulation of proline could occur because of oxygen presence in the early phase of fermentation, since the mechanism of proline uptake is known. Under the typical anaerobic conditions of wine fermentations, proline is not utilized by yeast, but under aerobic conditions Saccharomyces cerevisiae can use proline as N source (I n g l e d e w et al., 1987) . On the contrary, D i z y and P o l o (1996) showed in their study that during the fermentation of Malvar must, the concentration of proline increased, which could be also a consequence of arginine metabolism.
Fermentation rates. G o n i and A n c i n -A z p i l i c u e t a (1999a) observed that the fermentation rates of Garnacha musts were similar for both the a b inoculated and spontaneous fermentations, which was not the case in our study. The fermentations induced with starter strains, or those allowed to ferment spontaneously, showed different fermentation rates. It is evident from Figure 1a that spontaneous fermentations needed 9 days to ferment 50% of sugar. Four to six days were needed for the same reduction in the fermentations induced by commercial strains (Figure 1b) .
The fermentations induced by the local strains were even faster, 3 to 5 days were needed to ferment half of the sugar (Figure 1c ). All available sugar was not fermented completely in some fermentations. In spontaneous fermentations, about 20 g/l of sugar were left, as well as in the fermentations induced with the local strains, F and G. However, in the fermentations induced by local strains, H and I, the concentration of residual sugar was below 5 g/l. The commercial starter strains possessed good fermentation characteristics, since all available sugar was consumed. The evolution of the total amino acids, AaF + AaP, for each of the 14 fermentation processes individually (Figure 1 a, b, c ) support the observations previously described in the results in Table 3 . It is evident that the local strains also showed an individual tendency toward higher amino acid uptake.
Metabolites of fermentation process. Ethanol, methanol and some higher alcohols were analyzed to study the impact of different starter strains on the evolution of metabolites of Malvasia fermentation processes. The analyses, where the minimal and maximal concentrations are marked by shading, are summarized in Table 4 . The amounts of ethanol produced in the fermentations of Malvasia coincide with the amount of fermented sugar (Figure 1 ). In all spontaneous (A0-A1) and two induced fermentations (F and G), the concentration of ethanol was lower, and so was the sugar consumption. Commercial strains (B-D) and two local strains (H and I) showed high tolerance to ethanol, since its final concentration reached 13.8 vol%. The methanol produced does not threaten the wine quality. In a similar study of L e m a et al. (1996) , where some components of Albariño wine aroma were monitored, significant differences were not observed. During the fermentation of Malvasia, more i-amyl alcohol and i-butanol, and less etylacetate were obtained.
The principal higher alcohols produced by yeast are n-propanol, isobutanol, isoamyl alcohol and aromatic alcohols. Although they exhibit harsh, unpleasant aroma, at the concentrations generally found in wine, below 300 mg/l, they are usually considered desirable (R a p p and V e r s i n i, 1991). Fermentation studies using dual-labeled amino acids and sugars have demonstrated that no simple relationships exist between the concentration of the parent amino acid and the corresponding alcohol. Nevertheless, availability and timing of amino acid uptake will influence higher alcohol formation and affect wine flavour. It is generally believed that esters contribute the most to the desirable aspects of the fermentation bouquet of wine, and account much for the greater aroma intensity of wines derived from must of higher nitrogen content (C h e n, 1976; H e n s c h k e and J i r a n e k, 1993).
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Pokušali smo da utvrdimo da li su razlike zavisile od razliåitih poåe-taka fermentacija. Pripremili smo komparativnu studiju razvoja slobodnih i ukupnih aminokiselina.
Ukupna koncentracija 15 aminokiselina koje su prouåavane bila je 1975 mg/l, dok je koncentracija slobodnih aminokiselina bila 1061 mg/l. Spontane i indukovane fermentacije su pokazale razliåite brzine fermentacija. Tri do devet dana je bilo potrebno kako bi se sadrÿaj šeãera smawio za 50%. Iako se prolin smatra aminokiselinom koja nije podloÿna delovawu kvasaca, primeãe-no je smawivawe wegove koncentracije. Lizin je bila jedina aminokiselina åija se koncentracija poveãala. Utrošak aminokiselina je bio minimalan tokom spontanih fermentacija, dok je, u sluåaju fermentacija inokulisanih sa lokalnim starter-kulturama, utrošak bio maksimalan.
